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Keputusan ketika membeli perisian Commercial Off-The-Shelf (COTS) memerlukan 
garis panduan yang sistematik supaya perisian COTS yang sesuai boleh dipilih bagi 
menghasilkan penyelesaian yang berdaya maju dan berkesan kepada organisasi.  
Walau bagaimanapun, rangka kerja penilaian dan pilihan perisian COTS yang sedia 
ada lebih menumpukan pada aspek kefungsian dan tidak memberi perhatian yang 
mencukupi untuk mengendalikan ketidaksepadanan antara keperluan pengguna dan 
spesifikasi perisian COTS,  serta tidak mengambil kira keperluan bukan kefungsian.  
Oleh yang demikian, satu rangka kerja baharu bagi penilaian dan pemilihan perisian 
COTS dalam menyelesaikan ketidaksepadanan keperluan dan mengambil kira 
keperluan bukan kefungsian sangat diperlukan. Justeru itu, kajian ini bertujuan untuk 
membangunkan rangka kerja baharu bagi penilaian dan pemilihan perisian COTS 
yang memberi penekanan terhadap pengendalian ketidaksepadanan keperluan dan 
mengambil kira keperluan bukan kefungsian.  Kajian ini telah dijalankan dengan 
menggunakan metodologi mod campuran yang melibatkan teknik kaji selidik dan 
temu bual.  Kajian dilaksanakan dalam empat fasa: pelaksanaan kaji selidik dan temu 
bual di 63 buah organisasi untuk mengenal pasti kriteria penilaian COTS, 
pembangunan rangka kerja perisian COTS dengan menggunakan Teori Penilaian, 
pembangunan teknik membuat keputusan yang baharu dengan menerapkan Proses 
Analisis Hierarki dan Analisis Jurang bagi mengendalikan ketidaksepadanan perisian 
COTS, dan pengesahan kebolehlaksanaan dan kebolehpercayaan rangka kerja 
Penilaian dan Pemilihan perisian COTS (COTS-ESF) yang dicadangkan dengan 
merujuk kepada semakan pakar, kajian kes, dan pengesahan ukur takat.  Kajian ini 
telah mengenal pasti lima kriteria penilaian bagi perisian COTS: Kualiti, Domain, 
Seni Bina, Persekitaran Operasi dan Reputasi Pembekal. Ia juga menyediakan teknik 
membuat keputusan dan proses lengkap untuk menjalankan penilaian dan pemilihan 
perisian COTS.  Hasil  kajian menunjukkan bahawa aspek-aspek rangka kerja 
tersebut yang dinilai adalah sesuai dan berpotensi serta praktikal untuk digunakan 
dalam persekitaran sebenar.  Sumbangan kajian ini merentangi kedua-dua perspektif 
penyelidikan dan praktikal dalam bidang penilaian perisian dengan memperbaiki 
proses membuat keputusan dan menyediakan garis panduan yang sistematik untuk 
menangani isu pembelian perisian COTS berdaya maju. 
 
Kata kunci: Penilaian perisian Commercial Off-The-Shelf, Pemilihan perisian 
Commercial Off-The-Shelf, Keperluan bukan kefungsian, Pengendalian 






The decision to purchase Commercial Off-The-Shelf (COTS) software needs 
systematic guidelines so that the appropriate COTS software can be selected in order 
to provide a viable and effective solution to the organizations. However, the existing 
COTS software evaluation and selection frameworks focus more on functional 
aspects and do not give adequate attention to accommodate the mismatch between 
user requirements and COTS software specification, and also integration with non 
functional requirements of COTS software. Studies have identified that these two 
criteria are important in COTS software evaluation and selection. Therefore, this 
study aims to develop a new framework of COTS software evaluation and selection 
that focuses on handling COTS software mismatches and integrating the non-
functional requirements. The study is conducted using mixed-mode methodology 
which involves survey and interview. The study is conducted in four main phases: a 
survey and interview of 63 organizations to identify COTS software evaluation 
criteria, development of COTS software evaluation and selection framework using 
Evaluation Theory, development of a new decision making technique by integrating 
Analytical Hierarchy Process and Gap Analysis to handle COTS software  
mismatches, and validation of the practicality and reliability of the proposed COTS 
software Evaluation and Selection Framework (COTS-ESF) using experts’ review, 
case studies and yardstick validation. This study has developed the COTS-ESF 
which consists of five categories of evaluation criteria: Quality, Domain, 
Architecture, Operational Environment and Vendor Reputation.  It also provides a 
decision making technique and a complete process for performing the evaluation and 
selection of COTS software.  The result of this study shows that the evaluated 
aspects of the framework are feasible and demonstrate their potential and practicality 
to be applied in the real environment. The contribution of this study straddles both 
the research and practical perspectives of software evaluation by improving decision 
making and providing a systematic guidelines for handling issue in purchasing viable 
COTS software. 
 
Keywords: Commercial Off-The-Shelf evaluation, Commercial Off-The-Shelf 







First and foremost all praise and thanks go to Allah for giving me the strength and 
patience, and providing me the knowledge to accomplish this research study. 
 
In this occasion I would like to express my gratitude to a number of people whose 
admission, permission, and assistance contribute to finish my long story with PhD.  
 
I would like to express my sincerest thanks and deepest gratitude to my supervisor 
Assoc. Prof. Dr. Fauziah Baharom, for her excellent guidance, caring, patience, 
providing me with an excellent atmosphere for doing research, and sharing of all her 
research experiences throughout these challenging years. I would like also to thank 
my second supervisor Assoc. Prof. Dr. Jamaiah Hj Yahaya for her continuous 
guidance, fruitful feedback, and moral support. 
 
My highly appreciation to Assoc. Prof. Dr. Faudziah Ahmad and Assoc. Prof. Dr. 
Haslina Mohd for the useful comments and suggestions to improve my thesis. My 
sincere thanks must also go to the members of viva committee: Assoc. Prof. Dr. 
Huda Hj Ibrahim as chairman, Prof. Dr. Siti Salwah Salim from University of 
Malaya (UM) as external examiner, and Dr. Nor Laily Hashim as internal examiner. 
 
On the personal level, I would also like to express my gratitude to my parents and 
my beloved family members for patience and support throughout my five years plus 
of difficult endeavor. I guess they are the most who suffered throughout this period. 
My gratitude also goes to all my colleagues in the PhD journey, specifically for the 
discussions and sometimes the heated arguments on the better ways to perform my 
research. 
Thank You All Very Much 
 v 
 
Table of Contents 
Permission to Use ..................................................................................................................... i 
Abstrak ..................................................................................................................................... ii 
Abstract ................................................................................................................................... iii 
Acknowledgment .................................................................................................................... iv 
Table of Contents ..................................................................................................................... v 
List of Tables .......................................................................................................................... xi 
List of Figures ........................................................................................................................ xv 
List of Appendices .............................................................................................................. xviii 
List of Abbreviations ............................................................................................................ xix 
CHAPTER ONE INTRODUCTION ....................................................................... 1 
1.1 Introduction ............................................................................................................ 1 
1.2 Background ............................................................................................................ 1 
1.3 Research Problem................................................................................................... 4 
1.3.1 COTS Software Mismatches ........................................................................ 5 
1.3.2 Non-Functional Requirements ..................................................................... 7 
1.4 Research Questions ................................................................................................ 9 
1.5 Research Objectives ............................................................................................. 10 
1.6 Research Scope .................................................................................................... 10 
1.7 Significance of Research ...................................................................................... 12 
1.8 Thesis Organization ............................................................................................. 13 
CHAPTER TWO LITERATURE REVIEW ........................................................ 15 
2.1 Introduction .......................................................................................................... 15 
2.2 Overview of the COTS Software ......................................................................... 15 
2.3 COTS Software Evaluation and Selection ........................................................... 19 
2.3.1 Existing Methods for COTS Software Evaluation and Selection .............. 20 
2.3.1.1 Off-The-Shelf-Option framework (OTSO) ................................... 21 
2.3.1.2 Procurement-Oriented Requirements Engineering (PORE) .......... 23 
2.3.1.3 Social-Technical Approach to COTS Evaluation (STACE) ......... 25 
2.3.1.4 Other Existing Methods for COTS Evaluation and Selection ....... 27 
 vi 
 
2.3.2 COTS Software Evaluation and Selection Theories .................................. 28 
2.3.2.1 Evaluation Theory ......................................................................... 28 
2.3.2.2 Multi Criteria Decision Making (MCDM) .................................... 32 
2.3.2.3 COTS Mismatches ......................................................................... 39 
2.3.2.4 The General COTS Selection (GCS) Process ............................... 48 
2.3.3 The Missing Elements in the Existing Methods for COTS Evaluation and 
Selection.............................................................................................................. 53 
2.3.4 Related Studies ........................................................................................... 59 
2.3.4.1 Existing Methods for Handling COTS Software Mismatches ...... 60 
2.3.4.2 Evaluation Criteria ......................................................................... 67 
2.3.4.3 Related Empirical Studies ............................................................. 81 
2.3.5 Issues and Challenges in COTS Software Evaluation and Selection ........ 84 
2.4 Summary .............................................................................................................. 86 
CHAPTER THREE RESEARCH METHODOLOGY ........................................ 88 
3.1 Introduction .......................................................................................................... 88 
3.2 Research Design ................................................................................................... 88 
3.3 Phase One: Theoretical Study .............................................................................. 89 
3.4 Phase Two: Empirical Study ................................................................................ 90 
3.4.1 Study Approach and Data Collection Instrument ...................................... 91 
3.4.2 Sample Procedure ...................................................................................... 92 
3.4.3 Instrument Development ............................................................................ 92 
3.4.4 Pilot Test .................................................................................................... 93 
3.4.5 Survey Execution ....................................................................................... 94 
3.4.6 Data Analysis Procedures .......................................................................... 94 
3.5 Phase Three: Framework Development ............................................................... 95 
3.5.1 Identifying the Main Components of the Framework ................................ 96 
3.5.2 Developing the COTS Evaluation Criteria ................................................ 97 
3.5.3 Developing the Decision Making Technique............................................. 98 
3.5.4 Determining the Evaluation Processes ....................................................... 99 
3.5.5 Determining the Data Collection Technique ............................................. 99 
3.5.6 Defining the Evaluation Target and Yardstick Components ..................... 99 
 vii 
 
3.6 Phase Four: Framework Evaluation ................................................................... 101 
3.6.1 Verification Stage .................................................................................... 101 
3.6.2 Validation Stage ....................................................................................... 102 
3.7 Summary ............................................................................................................ 106 
CHAPTER FOUR EMPIRICAL STUDY ........................................................... 107 
4.1 Introduction ........................................................................................................ 107 
4.2 Questionnaire Layout ......................................................................................... 107 
4.2.1 Demographic Data ................................................................................... 108 
4.2.2 CBS Practices ........................................................................................... 108 
4.2.3 COTS Software Evaluation and Selection Practices ............................... 109 
4.2.4 Evaluation Criteria ................................................................................... 109 
4.3 Questionnaire Testing ........................................................................................ 110 
4.4 Data Collection and Response Rate ................................................................... 111 
4.5 The Survey Findings .......................................................................................... 112 
4.5.1 Demographic Data ................................................................................... 112 
4.5.1.1 Respondents Background ............................................................ 113 
4.5.1.2 Organization Background ............................................................ 115 
4.5.2 Findings Related to CBS Practice ............................................................ 116 
4.5.2.1 Number of COTS Software in the Organization ......................... 117 
4.5.2.2 Main Application of the COTS Software in the Organizations... 118 
4.5.2.3 The Current CBD Approaches .................................................... 119 
4.5.2.4 Benefits and Risks of CBS .......................................................... 120 
4.5.3 COTS Software Evaluation and Selection ............................................... 122 
4.5.3.1 The Main Problems ..................................................................... 123 
4.5.3.2 Current Selection Methods .......................................................... 124 
4.5.3.3 Supporting Tools ......................................................................... 126 
4.5.3.4 The Main Processes and Activities .............................................. 126 
4.5.3.5 The Most Frequent Used Techniques .......................................... 127 
4.5.4 Overview of the Evaluation Criteria ........................................................ 133 
4.5.4.1 The Important of the Non-Functional Requirements .................. 133 
4.5.4.2 Quality Characteristics ................................................................ 135 
 viii 
 
4.5.4.3 Domain Characteristics ............................................................... 136 
4.5.4.4 Architectural Characteristics ....................................................... 137 
4.5.4.5 User Organization Characteristics ............................................... 138 
4.5.4.6 Vendor Organizations Characteristics ......................................... 139 
4.6 Discussion of the Findings ................................................................................. 140 
4.7 Summary ............................................................................................................ 144 
CHAPTER FIVE COTS SOFTWARE EVALUATION AND SELECTION 
FRAMEWORK (COTS-ESF) ............................................................................... 146 
5.1 Introduction ........................................................................................................ 146 
5.2 The Main Features of the Proposed COTS-ESF ................................................ 146 
5.3 COTS-ESF ......................................................................................................... 148 
5.3.1 Evaluation Target ..................................................................................... 149 
5.3.2 Evaluation Criteria ................................................................................... 150 
5.3.3 Yardstick .................................................................................................. 160 
5.3.4 Data Gathering Techniques ...................................................................... 163 
5.3.5 Synthesis Technique ................................................................................ 167 
5.3.5.1 Assigning Weights for CEC ........................................................ 168 
5.3.5.2 The COTS Alternatives Scoring .................................................. 176 
5.3.6 Evaluation Processes ................................................................................ 195 
5.3.6.1 Planning Process .......................................................................... 196 
5.3.6.2 Preparation Process ..................................................................... 199 
5.3.6.3 The Evaluation and Selection Process ......................................... 203 
5.4 Summary ............................................................................................................ 209 
CHAPTER SIX FRAMEWORK EVALUATION .............................................. 211 
6.1 Introduction ........................................................................................................ 211 
6.2 Verification by Expert Review........................................................................... 211 
6.2.1 Results of Round One .............................................................................. 214 
6.2.2 Results of Round Two ............................................................................. 222 
6.2.3 Results of Round Three ........................................................................... 225 
6.3 Validation stage .................................................................................................. 226 
 ix 
 
6.3.1 Validation by Case Study ......................................................................... 226 
6.3.1.1 Decision Making-Prototyping Tool (DM-PT) ............................. 226 
6.3.1.2 Case Study One: Selecting the Appropriate Security System (Anti-
Virus Software) ....................................................................................... 231 
6.3.1.2.1 Profile of Organization A ............................................. 231 
6.3.1.2.2 Planning Process ........................................................... 233 
6.3.1.2.3 Preparation Process ....................................................... 237 
6.3.1.2.4 The Evaluation and Selection Process .......................... 243 
6.3.1.3 Case Study Two: Selecting the Appropriate Student Management 
Information System (SMIS) .................................................................... 253 
6.3.1.3.1 The Profile of Organization B ...................................... 253 
6.3.1.3.2 Planning Process ........................................................... 255 
6.3.1.3.3 Preparation Process ....................................................... 259 
6.3.1.3.4 Evaluation and Selection Process ................................. 263 
6.3.1.4 Discussion of the Findings .......................................................... 271 
6.3.2 Yardstick Validation ................................................................................ 278 
6.4 Summary ............................................................................................................ 285 
CHAPTER SEVEN THE CONCLUSION AND FUTURE WORK ................. 286 
7.1 Introduction ........................................................................................................ 286 
7.2 General Discussion............................................................................................. 286 
7.2.1 Theoretical Study ..................................................................................... 286 
7.2.2 Empirical Study ....................................................................................... 287 
7.2.3 COTS-ESF Development ......................................................................... 289 
7.2.4 COTS-ESF Evaluation ............................................................................. 291 
7.3 Research Contributions ...................................................................................... 293 
7.3.1 COTS-ESF ............................................................................................... 293 
7.3.2 CEC .......................................................................................................... 294 
7.3.3 The Decision Making Technique ............................................................. 295 
7.3.4 Theoretical Findings ................................................................................ 297 
7.3.5 Empirical Survey Findings ...................................................................... 297 
7.3.6 Data Collection and Filtering Integration ................................................ 298 
 x 
 
7.3.7 DM-PT Software Tool ............................................................................. 299 
7.4 The Research Limitation and Future Work ........................................................ 299 
7.4.1 Research Limitations ............................................................................... 299 
7.4.2 Future Work ............................................................................................. 301 
7.5 Final Conclusion ................................................................................................ 302 




List of Tables 
Table 2.1  The COTS Software Advantages and Disadvantages. .......................................... 17 
Table 2.2  The Existing COTS Software Evaluation and Selection Methods ........................ 27 
Table 2.3  The MCDM Techniques ....................................................................................... 34 
Table 2.4  The AHP Applications in Different Fields ........................................................... 37 
Table 2.5  The Comparison of Existing Methods for COTS Selection.................................. 54 
Table 2.6  The Comparison of Existing COTS Mismatches Approaches .............................. 66 
Table 2.7  Evaluating the Existing Models of the COTS Software Evaluation ..................... 77 
Table 2.8  Non-Functional Requirements Classifications ...................................................... 79 
Table 2.9  The Related Previous Empirical Studies ............................................................... 83 
Table 3.1 The Factors of Evaluating the Proposed Framework (Adapted from Kunda, 2002; 
Kitchenham & Pickard, 1998) ............................................................................................. 103 
Table 4.1  Questionnaire Response Rate ............................................................................. 112 
Table 4.2  The Main Job Function in Organization ............................................................. 113 
Table 4.3  Work Experience with CBD ............................................................................... 114 
Table 4.4  Current CBD Activities....................................................................................... 114 
Table 4.5  Primary Business of Participated Organizations ................................................. 115 
Table 4.6  Numbers of Employees in the Organization ....................................................... 116 
Table 4.7  Number of COT Software in Organization ......................................................... 117 
Table 4.8  Number of COTS versus Work Experience ........................................................ 118 
Table 4.9  The Common COTS Applications in Organizations .......................................... 119 
Table 4.10  CBD Approaches .............................................................................................. 120 
Table 4.11  Benefits of CBS ................................................................................................ 121 
Table 4.12  Risks of CBS ..................................................................................................... 122 
Table 4.13  Problems of the COTS Software Evaluation and Selection .............................. 123 
Table 4.14  The Relations between Lack of Formal and Other Problems ........................... 124 
Table 4.15  Methods for Selecting the COTS Software ....................................................... 124 
Table 4.16  Current Used Methods Cross the Main Problems ............................................. 125 
Table 4.17  Ad-hoc Manner to Select COTS Software ........................................................ 126 
Table 4.18  Supporting Tools ............................................................................................... 126 
Table 4.19  The COTS Software Evaluation and Selection Processes and Activities ......... 127 
Table 4.20  Techniques for Defining the Evaluation Criteria .............................................. 128 
 xii 
 
Table 4.21  Techniques for Identifying COTS Software ..................................................... 129 
Table 4.22  Data Collection Technique ............................................................................... 130 
Table 4.23  Analysis Techniques ......................................................................................... 131 
Table 4.24  COTS Mismatches Considerations ................................................................... 131 
Table 4.25  Considerations and Importance of the COTS Mismatches ............................... 132 
Table 4.26  The COTS Mismatches Techniques ................................................................. 132 
Table 4.27  Considerations of the Non-Functional Requirements ....................................... 133 
Table 4.28  The Importance of the Non-Functional Requirements ..................................... 134 
Table 4.29  Intervals Scale of the Consideration Level ....................................................... 135 
Table 4.30  The COTS Quality Characteristics ................................................................... 136 
Table 4.31  Domain Characteristics ..................................................................................... 136 
Table 4.32  Architectural Characteristics ............................................................................. 137 
Table 4.33  User Organization Characteristics .................................................................... 138 
Table 4.34  Vendor Characteristics ...................................................................................... 139 
Table 5.1  The Types of Metrics to Measure the CEC Attributes ........................................ 152 
Table 5.2  The Quality Characteristics ................................................................................. 153 
Table 5.3  Quality Category Decomposed Criteria .............................................................. 154 
Table 5.4  Domain Characteristics ....................................................................................... 155 
Table 5.5  Decomposed Criteria of Domain Category ......................................................... 156 
Table 5.6  Architectural Characteristics ............................................................................... 156 
Table 5.7  Decomposed Criteria of the Architectural Category ........................................... 157 
Table 5.8  Operational Environment Characteristics ........................................................... 158 
Table 5.9  Decomposed Criteria of the Operational Environment Category ....................... 158 
Table 5.10  Vendor Characteristics ...................................................................................... 159 
Table 5.11  Decomposed Criteria of the Vendor Category .................................................. 160 
Table 5.12  Example of Defining and Using Yardstick ....................................................... 162 
Table 5.13  Data Types of Attributes in the Yardstick ........................................................ 162 
Table 5.14  Data Gathering Techniques Mapping With Data Resources ............................ 164 
Table 5.15  The Pairwise Comparison Matrix for Level One in CEC ................................. 170 
Table 5.16  The Pairwise Comparison Matrix of the Quality Category .............................. 171 
Table 5.17  The Pairwise Comparison Matrixes in CEC ..................................................... 171 
Table 5.18  Fundamental Scale for Pairwise Comparison (Saaty, 1980) ............................. 172 
Table 5.19  Random Index ................................................................................................... 176 
Table 5.20  Scenarios of Identifying the Types of the COTS Mismatches .......................... 179 
 xiii 
 
Table 5.21  Potential Decisions for Each Type of COTS Mismatches ................................ 181 
Table 5.22 The COTS Mismatches Information .................................................................. 184 
Table 5.23  Conditions of the COTS Mismatches Handling Decisions ............................... 185 
Table 5.24  An Example To Calculate ML .......................................................................... 188 
Table 5.25  Representation of the Resolution Action Constraints Values ........................... 190 
Table 6.1  Round One Information Summarization ............................................................. 215 
Table 6.2  The Part One Answers of Verification Questionnaire ........................................ 216 
Table 6.3  The Experts’ Answers Related to the Second Part of the Questionnaire ............ 218 
Table 6.4  The Experts’ Answers Related to the Part Three ................................................ 220 
Table 6.5  The Required Modifications to Improve the COTS-ESF ................................... 222 
Table 6.6  Round Two: Information Summarization ........................................................... 223 
Table 6.7  Summary of Round Three ................................................................................... 226 
Table 6.8  Defining the Project Target ................................................................................. 234 
Table 6.9  Different Roles in the Project ............................................................................. 234 
Table 6.10  Evaluation Team Members ............................................................................... 235 
Table 6.11  Forming the Evaluation Team .......................................................................... 235 
Table 6.12  Creating Project WBS ....................................................................................... 236 
Table 6.13  Identified Functional Requirements .................................................................. 238 
Table 6.14  Key Information Related to Defining Functional Requirements ...................... 239 
Table 6.15 The COTS Software Searching Activity ............................................................ 240 
Table 6.16  Defining the Yardstick Activity ........................................................................ 242 
Table 6.17  Data Collection and Filtering Activity .............................................................. 247 
Table 6.18  Main Information Related to the CEC Weighting Task.................................... 249 
Table 6.19  Decision Making Activity ................................................................................. 252 
Table 6.20  Defining the Evaluation Target ......................................................................... 255 
Table 6.21  Different Roles in the Project ........................................................................... 256 
Table 6.22  The Evaluation Team Members ........................................................................ 257 
Table 6.23  Forming the Evaluation Team .......................................................................... 257 
Table 6.24  WBS Creation ................................................................................................... 258 
Table 6.25  Defining the Functional Requirements Activity ............................................... 260 
Table 6.26  The COTS Searching Activity .......................................................................... 261 
Table 6.27  Defining the Yardstick Thresholds Activity ..................................................... 262 
Table 6.28  Data Collection and Filtering Activity .............................................................. 266 
Table 6.29  Main Information Related to the CEC Weighting Task.................................... 268 
 xiv 
 
Table 6.30  Decision Making Activity ................................................................................. 271 
Table 6.31  Comparing COTS-ESF with Other Baseline Models for COTS Software 





List of Figures 
Figure 2.1: The COTS-based Applications’ Growth in USC E-Service Projects (Yang et al., 
2005) ...................................................................................................................................... 16 
Figure 2.2: The OTSO Processes (Kontio, 1996) .................................................................. 22 
Figure 2.3: The PORE’s High-level Generic (Maiden & Ncube, 1998) ................................ 24 
Figure 2.4: The Processes Model of the STACE Method (Kunda & Brooks, 1999). ............ 26 
Figure 2.5: Evaluation Theory Components (Scriven, 1991) ................................................ 31 
Figure 2.6: The AHP Hierarchical Structure (Pogarcic et al., 2008). .................................... 35 
Figure 2.7: The Fulfilment Cost (Ncube & Dean, 2002) ....................................................... 43 
Figure 2.8: General Idea of GA (Adapted from Bordley, 2001) ............................................ 45 
Figure 2.9: Fitness Measurement Matrix ............................................................................... 46 
Figure 2.10: Matrix of Actual Information about Gap Fulfilment ......................................... 47 
Figure 2.11: The COTS Selection Process (adapted from Javed et al., 2012) ....................... 49 
Figure 2.12: The CAR/SA Process (Chung & Cooper, 2004) ............................................... 62 
Figure 2.13: The MiHOS Phases ( Mohamed et al., 2008) .................................................... 63 
Figure 2.14: The Non-Functional Requirements for COTS Software (adapted from Beus-
Dukic, 2000) .......................................................................................................................... 80 
Figure 3.1: Research Methodology ........................................................................................ 89 
Figure 3.2: Theoretical Study ................................................................................................ 90 
Figure 3.3: Empirical Study ................................................................................................... 95 
Figure 3.4: The Components of Combination ....................................................................... 96 
Figure 3.5: The Structure of Proposed Evaluation Criteria .................................................... 97 
Figure 3.6: The Structure of Proposed Decision Making Technique. .................................... 98 
Figure 3.7: Framework Development Phase ........................................................................ 100 
Figure 3.8: The Framework Evaluation Phase ..................................................................... 105 
Figure 5.1: The Proposed COTS-ESF.................................................................................. 149 
Figure 5.2: The CEC Categories .......................................................................................... 151 
Figure 5.3: Yardstick Structure ............................................................................................ 161 
Figure 5.4: Snapshot of the Evaluation Form ...................................................................... 166 
Figure 5.5: The Proposed Decision Making Technique....................................................... 168 
Figure 5.6: An Example of the CEC Hierarchy Structure ................................................... 169 
Figure 5.7: The Pairwise Matrix .......................................................................................... 170 
 xvi 
 
Figure 5.8: Example of Performing the Judgments Pairwise Comparisons. ........................ 173 
Figure 5.9: Stages of Handling the COTS Mismatches ....................................................... 177 
Figure 5.10: Mismatches Detection Matrix ......................................................................... 178 
Figure 5.11: The Decision of Handling COTS Mismatch ................................................... 180 
Figure 5.12: Resolving the COTS Mismatches Directions .................................................. 182 
Figure 5.13 The Example to Calculate FFS ......................................................................... 193 
Figure 5.14: The Evaluation Processes ................................................................................ 196 
Figure 5.15: Planning Activities. ......................................................................................... 197 
Figure 5.16: The Activities of the Preparation Process........................................................ 200 
Figure 5.17: The COTS Searching ....................................................................................... 202 
Figure 5.18:  Data Collection and Filtering Activity ........................................................... 204 
Figure 5.19: Evaluation Form for Level 2 ........................................................................... 206 
Figure 5.20: Decision Making Activity ............................................................................... 208 
Figure 6.1: Proposed COTS-ESF Verification Process Using Delphi Technique ............... 212 
Figure 6.2: The Main Components and Their Interactions of DM-PT ................................ 228 
Figure 6.3: Snapshot of the Main Screen of DM-PT ........................................................... 229 
Figure 6.4: Processes Alignment with DM-PT .................................................................... 231 
Figure 6.5: The Snapshot of the WBS ................................................................................. 236 
Figure 6.6: The Functional Requirement Stored in the DM-PT .......................................... 238 
Figure 6.7: Snapshot Screen Displays: Entering the Anti-Virus Alternatives ..................... 240 
Figure 6.8: Snapshot Screen Displays: Defining a Group of the Yardstick Thresholds ...... 242 
Figure 6.9: Snapshots from an Anti-Virus Website ............................................................. 244 
Figure 6.10: The First Level of the Data Collection and Filtering ....................................... 244 
Figure 6.11: The Data Collection and Filtering Result of Level One .................................. 245 
Figure 6.12: The Forth Level Filtering Result ..................................................................... 246 
Figure 6.13: Snapshot Screen: The First Level of the Pairwise Matrix ............................... 248 
Figure 6.14: The Pairwise Matrix after Reviewing the Judgments ...................................... 249 
Figure 6.15: Product 1 Mismatches and Their Solutions ..................................................... 250 
Figure 6.16: Snapshot Screen: the Fitness Anti-Virus Product ............................................ 251 
Figure 6.17:  Snapshoot Screen: the Sorted List of Products ............................................... 251 
Figure 6.18: Snapshot Screen from the Product 2 Report .................................................... 252 
Figure 6.19: Snapshot Screen of the WBS Information ....................................................... 258 
Figure 6.20: Snapshot Screen for the Functional Requirements .......................................... 259 
Figure 6.21: The SMIS Alternatives .................................................................................... 261 
 xvii 
 
Figure 6.22: The Yardstick Thresholds Values ................................................................... 262 
Figure 6.23: The Collected Data in the Level Two of Filtering Activity............................. 264 
Figure 6.24: The Level One Filtering Result ....................................................................... 264 
Figure 6.25: The Output of the Level Three ........................................................................ 265 
Figure 6.26: The Snapshot Screen of Product Failure ......................................................... 265 
Figure 6.27: The Output of the Level Four .......................................................................... 266 
Figure 6.28: Criteria Weighting from the Second Level of the CEC ................................... 267 
Figure 6.29: The Eduwave Software Mismatches and Their Solutions ............................... 269 
Figure 6.30: The Snapshot Screen for the Fittest SMIS Product ......................................... 269 
Figure 6.31: Snapshoot Screen from the Sorted List of Products Screen ............................ 270 





List of Appendices 
Appendix A Related Work For Questionnaire Development .............................................. 325 
Appendix B The Questionnaire............................................................................................ 327 
Appendix C Evaluation Criteria Resources ......................................................................... 340 
Appendix D CEC Description ............................................................................................. 343 
Appendix E Yardstick Defining Template ........................................................................... 348 
Appendix F Evaluation Forms ............................................................................................. 355 
Appendix G Data Collection and Filtering Levels ............................................................... 359 
Appendix H The Findings of the First Case Study .............................................................. 366 
Appendix I The Findings of the Second Case Study ........................................................... 374 





List of Abbreviations 
COTS Commercial-Off-The-Shelf 
CBS COTS-Based Systems 
CBD COTS-Based systems Development 
OTSO Off-The-Shelf Option 
PORE Procurement-Oriented Requirements Engineering 
CSSP COTS Software Selection Process 
CAP COTS software Acquisition Process 
PAREMO Balanced Reuse Model 
MiHOS Mismatch handling aware COTS Selection 
CRE COTS-based Requirements Engineering 
STACE Social-Technical Approach to COTS Evaluation 
DC Developing Country 
GUI Graphic User Interface 
IDC International Data Corporation 
CBA COTS-based Application 
USC University of Southern California 
TT&C Telemetry, Tracking, and Control 
CERES Center for Research Support 
WSM Weighting Scoring Method 
AHP Analytical Hierarchy Process 
IusWare IUStitiasoftWAR 
CISD COTS-based Integrated System Development 
PRISM Portable, Reusable, Integrated Software Model 
CEP Comparative Evaluation Process 
CF Confidence Factor 
IESE Institute for Experimental Software Engineering 
RCPER Requirements-driven COTS Product Evaluation Process 
CARE COTS-Aware Requirements Engineering 
 xx 
 
PECA Plan, Establish, Collect, and Analyze 
CSCC Combined Selection of COTS Components 
GCS General COTS Selection 
unHOS uncertainty Handling in COTS Selection 
GQM Goal Question Metrics   
ISO International Organization for Standardization 
QFD Quality Function Deployment 
BBN Bayesian Belief Network 
SPA Software Process Assessment  
MCDM Multi-Criteria Decision Making 
ERP Enterprise Resource Planning 
KM Knowledge Management 
API Application Programming Interface 
CAR/SA COTS-Aware Requirements and Software Architecture 
NFR Non-Functional Requirements 
IRC Identifying mismatches Resolution Constraints 
CRC Considered Resolution Constraint 
SDMP Systematic Decision Making Process 
C-QM COTS-Quality Model 
ISO/IEC 
International Organization for Standardization and international 
Electro technical Commission 
UK Unite Kingdom 
SME Small Medium Enterprise 
SE Software Engineering 
SPSS Software Package for Social Sciences 
JAD Joint Application design   
ASP.NET Active Server Pages.Net 
VB.Net Visual Basic.Net 
IT Information Technology 
SD Standard Deviation 
 xxi 
 
CEC COTS Evaluation Criteria 
ANC Average Normalized Column 
CR Consistency Ratio 
CI Consistency Index 
RI Random Index 
FMML Final Mismatching Level 
ML Matching Level 
MML Mismatching Level 
FFS Final Fitness Score 
WBS Work Breakdown Structure 
SLA Service Level Agreement 
DM-PT Decision Making- Prototyping Tool 
ID Identification number 
COB College Of Business 
CAS College of Art and Science 
CLGIS College of Low, Government, and International Studies 
PCs Personal Computers 
SMIS Student Management Information System 







1.1 Introduction  
This chapter provides an introduction to the field of this research by describing the 
background of the study and discussing the research problem. The research questions 
are then presented and used to construct the research objectives. Finally, the chapter 
describes the scope of this research; as well as highlighting the significance of the 
research. The chapter concludes with an overview of the remaining chapters of this 
thesis. 
1.2 Background  
The world of software development has significantly evolved from development-
centric to a procurement-centric approach. In other words, this new approach has 
been introduced as an alternative software development approach which focused on 
building systems through pre-packaged solutions assembling, usually known as 
Commercial-Off-The-Shelf (COTS) software, and migrating existing systems 
towards COTS-Based Systems (CBS) (Gupta et al., 2012). Nowadays, most 
organizations have decided to change from in-house development towards COTS 
software integration in order to reduce the maintenance cost, development time, and 
operating, testing, and validating efforts (Couts & Gerdes, 2010). Thus, COTS 
software has become strategic and economic way for building large and complex 
systems. 
The contents of 
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